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Japanese Utility Model Laid-open No. 3-93942 
SPECIFICATION 

1. Title of the Device 

Mirrored Disk System 

2. A Claim for Utility Model Registration 

A mirrored disk system comprising a host CPU (7), a 
first disk (2) , and a second disk (3) , when a mismatch of 
contents occurs between the first and second disks (2, 3), 
the reliability of said mirrored disk system being 
increased by executing the equalization to make contents in 
the two disks equal to each other so that system down is 
avoided even if one disk is failed, wherein: 

each of the first and second disks (2, 3) comprises: 

a bit map (5) that is so devised that each part, 
into which the whole disk area is equally divided, one-to- 
one corresponds to each bit of the bit map; arid 

bit-map management means (4) for managing the bit 
map (5) ; 

said host CPU (7) comprises: 

write control means (8) wherein if one of the first 
and second disks (2, 3) fails, a command is output to the 
other disk that is normal, said command instructing the 
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bit -map management means (4) of this normal disk to start 
the bit -map management, and then usual input /output 
operation is executed to output a read or write command, 
and thereby data is read from or written to the normal 
disk; and 

equalization control means (9) wherein if said one 
disk which has failed is recovered, the equalizing 
operation is controlled when executing the equalization 
with the object of making up for a mismatch of contents 
occurred between this failed disk and the normal disk; 

when said bit -map management means (4) which is 
possessed by each of the first and second disks (2, 3) 
receives from the write control means (8) of the host CPU 
(1) a command to start the bit -map management, thereafter, 
every time a write command is received, the bit -map 
management means (4) sets, in the bit map, a bit 
corresponding to an area where data has been written; and 

when the equalization is started, said equalization 
control means (9) which is possessed by the host CPU (7) 
first reads bit information from the bit map (5) stored in 
the normal disk, and next reads only data in the area 
corresponding to the bit which has been set, and then 
writes the read data to the other disk to execute the 
equalization. 
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3. Detailed Description of the Device 
(Utilization Field in Industry) 

The present device relates to a mirrored disk system, 
and more particularly to an equalization mechanism for 
equalizing a mirrored disk. It is to be noted that the 
equalization is operation that makes contents in two disks 
equal to each other. 

The mirrored disk system is a system, the 
reliability of which is increased by the following steps: 
writing the same contents to the two disks; and even if one 
disk is failed, continuing I/O for the other disk, which 
normally operates, so as to avoid its system down. 
(Prior Art) 

The equalization of the conventional mirrored disk 
was achieved by the following steps: dividing the whole 
volume of a normal disk into several units; by the host CPU, 
reading contents of each divided unit, and then writing the 
read contents to the other disk; and repeating such reading 
and writing operation until the whole volume is copied. 
(Problems to be Solved by the Device) 

When one disk is failed, data is written only to the 
other disk that is normal. The equalization of the disks 
is in general performed to make up for a mismatch of 
contents between both of the disks after the failed disk is 
recovered. 
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The copy of the whole volume as described -above in 
the prior art must be inevitably performed if the one disk 
itself constituting the mirrored disk gets out of order and 
is therefore replaced with a new disk. 

However, not only in a case where the disk itself 
gets out of order, but also in a case where disturbance, or 
the like, causes one disk to temporarily stop its operation, 
the host judges that an abnormal condition has occurred in 
the disk and consequently the disk has failed. For example, 
the latter case includes a case where an abnormal condition 
temporarily occurs in a power supply system, and a case 
where a bus must be disconnected in order to replace a disk 
on the same bus . 

In such cases, if a factor causing the failure of 
the operation is eliminated, it is possible to immediately 
recover the disk. A mismatch of data contents between both 
disks occurred during this non-operation period relates to 
a part of the whole volume. The mismatch, therefore, can 
be solved if the equalization is immediately performed. 

However, the conventional method produces the 
following problems: even if the contents match each other 
for the most part, the whole volume is uniformly copied, 
which causes the equalization time to become longer and 
also leads to an increase in load on the disks and the 
system. In particular, in the case of a large-capacity 
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mirrored disk, the equalization which inevitably takes a 
long time to complete becomes a critical problem. 

The present device has been made taking the above- 
mentioned problems of the prior art into consideration. An 
object of the present invention is to completely equalize a 
mirrored disk by equalizing only a part of data areas if 
only this part needs to be equalized, and thereby to 
shorten the equalization time. 
(Means for Solving the Problems) 

According to one aspect of the present device, there 
is provided a mirrored disk system, said mirrored disk 
system comprising a host CPU, a first disk, and a second 
disk, even if one disk is failed, the reliability of said 
mirrored disk system being increased by continuing I/O for 
the other disk, which operates normal, so as to avoid 
system down, wherein: 

each of the first and second disks comprises: 

a bit map that is so devised that each part, into 
which the whole disk area is equally divided, one-to-one 
corresponds to each bit of the bit map; and 

bit -map management means for managing the bit map; 

said host CPU comprises: 

write control means wherein if one of the first and 
second disks fails, a command is output to the other disk 
that is normal, said command instructing the bit -map 
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management means of this normal disk to start the bit-map 
management, and then usual input/output operation is 
executed to output a read or write command, and thereby 
data is read from or written to the normal disk; and 

equalization control means wherein if said one disk 
which has failed is recovered, the equalizing operation is 
controlled when executing the equalization with the object 
of making up for a mismatch of contents occurred between 
this failed disk and the normal disk; 

when said bit -map management means which is 
possessed by each of the first and second disks receives 
from the write control means of the host CPU a command to 
start the bit-map management, thereafter, every time a 
write command is received, the bit -map management means 
sets, in the bit map, a bit corresponding to an area where 
data has been written; and 

when the equalization is started, said equalization 
control means which is possessed by the host CPU first 
reads bit information from the bit map stored in the normal 
disk, and next reads only data in the area corresponding to 
the bit which has been set, and then writes the read data 
to the other disk to execute the equalization. 
(Function) 

The disks constituting the mirrored disk are 
provided with a management mechanism using a bit map. This 
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bit map is so devised that each part, into which the whole 
disk area is equally divided, one-to-one corresponds to 
each bit of the bit map. 

At the point of time at which the host CPU judges 
that an abnormal condition has occurred in one disk, the 
host CPU issues a command that instructs a normal disk to 
start bit-map management. After that, the disk which has 
received this command sets, in the bit map, a bit 
corresponding to a written area, every time a write command 
issued to the disk is received. 

At the time of executing the equalization, the host 
CPU reads the bit map stored in the disk, and then writes 
to the other disk only data in the area corresponding to 
the bit that has been set so that the equalization is 
executed . 

(Detailed Description of the Preferred Embodiments) 

Next, embodiments of the present device will be 

described with reference to drawings as below. 

Figs. 4a through 4c are diagrams schematically 

illustrating the basic operation of this embodiment. 

Fig. 4a is a diagram illustrating the operation for 

a case in which both disks 2, 3 constituting a mirrored 

disk 1 normally operate. In this case, data is written to 

both of the disks in parallel, and data is read only from 

one of the disks (for example, the disk 2) . 
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Fig. 4b is a diagram illustrating the operation 
performed when one of the disks (for example, the disk 3) 
fails. In this case, if an abnormal condition of the disk 
3 is detected, input/output operation from the host CPU 7 
stops. On the other hand, in the normal disk 2, a bit in a 
bit map 5, which corresponds to an area to which data is 
written, is set. 

Fig. 4c is a diagram illustrating the operation 
during equalization. In this case, input/output at the 
time of usual data writing/reading is performed in the same 
manner as the normal operation (shown in Fig. 4a). Before 
starting the equalizing operation, the host CPU 7 reads bit 
map information stored in a disk. A data area 
corresponding to the bit which has been set in the bit map 
5 is a mismatch area 6a (in Fig. 4c, oblique lines to the 
left direction are given) . Data in an area of the disk 3, 
corresponding to this mismatch area 6a, is updated, and 
this updated part becomes a data update area 6b (in Fig. 4c, 
oblique lines to the right direction are given). 

Fig. 1 is a diagram illustrating as one embodiment a 
configuration of a mirrored disk system that executes the 
above-mentioned operation. 

In this embodiment, as function blocks (each block 
achieves a given function, and is built by hardware that 
operates according to software) , the host CPU 7 comprises a 
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write control means 8, a equalization control means 9, and 
two input/output (I/O) ports 10, 11. As function blocks, 
each of the first disk 2 and the second disk 3 which 
constitute the mirrored disk 1 comprises the bit map 5, and 
a bit -map management unit 4 for managing, for example, 
set/clear of this bit map. 

Next, the operation in this embodiment will be 
specifically described with reference to Figs. 2 and 3. 

Fig. 2 is a flowchart illustrating the operation 
steps of the host CPU 7 and of each of the disks 2, 3, 
which are performed before starting the equalizing 
operation as a result of a judgment that an abnormal 
condition occurs in one disk (the second disk 3) . 

To begin with, if a failure of the second disk 3 is 
detected on the host side (step 10) , the host outputs to a 
normal disk (the first disk 2) a command that instructs the 
normal disk to start bit -map management (step 11) . 
Subsequently, the host executes usual input/output (I/O) 
operation, and then outputs a command to the disk 2. 

On the other hand, as soon as the command to start 
the bit -map management is received on the disk side (step 
13) , the disk executes management processing of a bit map 
(step 14) . After that, every time a command is received, 
the disk makes a judgment as to whether or not the command 
is a write command (step 15) . If it the command is judged 
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to- be a write command, the disk checks a write area judging 
from a command block which has been passed (step 16) . Next, 
in the bit map, a bit corresponding to the write, area is 
set (step 17) , and then the command is executed (step 18) . 
On the other hand, if the command is not judged to be a 
write command in the step 15, the process proceeds to the 
step 18. In this embodiment, the steps 15 through 18 are 
designated as a command execution routine A as a matter of 
convenience . 

Fig. 3 is a flowchart illustrating the operation 
steps of both the host side and the disk side during the 
equalizing operation. Fig. 3 illustrates only the 
operation steps relating to the equalization. 

When the equalization is started, the host CPU 7 
judges whether or not the disk which has been judged to be. 
defective has been replaced with a new disk (step 20) . If 
it is judged that the defective disk has been replaced with 
a new disk, the host CPU 7 outputs a command to set the 
whole bit map area (step 21) . 

Next, the host CPU 7 outputs a bit -map read command 
(step 22) , and thereby reads from the normal disk a disk 
area corresponding to the bit that has been set in the bit 
map (step 23) . Then, the host CPU 7 writes to a disk on 
the other side (the second disk 3) contents that have been 
read (step 24) . 
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On the other hand, on the disk side (the first disk 
2) , every time a command is received, the first disk 2 
judges a kind of the command (step 25) . If it is judged to 
be a command to set the whole area (the command transmitted 
from the host CPU side in the step 21) , the first disk 2 
sets all bits of the bit map 5 (step 26) . This ensures the 
equalization of all areas when the failed disk is replaced 
with a new disk. 

In the case of a bit -map read command (output from 
the host side in the step 22) , the disk 2 passes contents 
of the bit map to the host CPU 7 (step 28) , and then clears 
the whole area in the bit map (step 29) before ending the 
management of the bit map 5. In the case of the other 
commands, the disk 2 executes the command execution routine 
A shown in Fig. 2 (step 27) . 

Up to this point, the present device has been 
described by use of the embodiments. The present device, 
however, is not limited to this. Various modifications and 
applications are possible. 

For example, even if a backup method is adopted, by 
which a disk data image is saved to another medium (tape, 
or the like) just as it is, providing the disk side with 
the bit-map management mechanism makes it possible to 
shorten processing time . 

To be more specific, once the whole contents of the 
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disk are saved, saving only the difference of data contents 
between this time and the last time suffices if this 
mechanism is used. 
(Effects of the Device) 

As described above, the present device has the 
configuration in which each of the two disks constituting 
the mirrored disk is provided with a bit -map management 
mechanism that manages only a mismatched part of data 
contents between both of the disks. Accordingly, it is 
possible to execute the equalization within the minimum 
range required, and thereby to effectively shorten the 
equalization time . 

4. Brief Description of the Drawings 

Fig. 1 is a diagram illustrating as one embodiment a 
configuration of a mirrored disk system according to the 
present device; 

Fig. 2 is a flowchart illustrating operation steps 
of the host CPU 7 and of each of the disks 2,3, which are 
performed before starting the equalizing operation as a 
result of a judgment that an abnormal condition has 
occurred in one disk (the second disk 3) ; 

Fig. 3 is a flowchart illustrating operation steps 
of both the host side and the disk side during the 
equalizing operation (this figure illustrates only 



13 



operation steps relating -to the equalization) ;* and 

Figs. 4a through 4c are diagrams schematically 
illustrating the basic operation of this embodiment. 

1 Mirrored disk 

2 First disk 

3 Second disk 

4 Bit -map management unit 

5 Bit map 

6a Mismatch area 
6b Data update area 

7 Host CPU 

8 Write control means 

9 Equalization control means 
10, 11 Input/output (I/O) ports 
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